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Abstract
In South Africa, adolescents constitute a key population at high risk of HIV acquisition. However, little is
known about HIV transmission among students within schools. This study was undertaken to assess the risk
factors for HIV infection and the extent of transmission among rural high school students. Between February
and May 2012, consenting students from five randomly selected public sector high schools in rural KwaZulu-
Natal participated in an anonymous cross-sectional survey. Dried blood spot samples were collected and tested
for HIV. b-Human chorionic gonadotropin (bHCG) levels were measured in females for pregnancy. Family
circumstances as well as sociodemographic and behavioral factors were assessed as potential risk factors. A
subset (106/148, 72%) of HIV-positive samples underwent gag p17p24 sequencing for phylogenetic analysis. A
total of 3,242 students (81.7% of enrolled students) participated. HIV prevalence was 6.8% [95% confidence
interval (CI) 3.9–9.8%] in girls and 2.7% (CI 1.6–3.8%) in boys [adjusted odds ratio (aOR) = 3.0, CI 2.4–3.8;
p < 0.001]. HIV prevalence increased from 4.6% (95% CI 1.9–7.3) in the 12- to 15-year-old girls to 23.1% (95%
CI 7.7–38.5) in girls over 20 years, while in boys HIV prevalence increased from 2.7% (95% CI 0.6–4.9) in the
12- to15-year-old boys to 11.1% (95% CI 2.7–19.4) in those over 20 years. Sequencing of samples obtained
from students revealed only two clusters, suggesting within-school transmission and three interschool clusters,
while the remainder was most likely acquired from sources other than those currently found in students
attending the school concerned. HIV prevalence in both girls (aOR = 3.6, CI 2.9–4.5; p < 0.001) and boys
(aOR = 2.8, CI 1.2–6.2; p = 0.01) was higher in those without a living biological mother. The high burden of
HIV infection among students was not associated with intraschool transmission in this rural setting. Lack of a
living parent is an important factor defining high risk in this group of adolescents.
Introduction
Annual, anonymous HIV testing of pregnant women
1
has been central to understanding the evolving HIV
epidemic in generalized epidemic settings. As epidemics
mature in these settings and with increasing coverage of
antiretroviral treatment (ART) and interventions to prevent
vertical transmission of HIV the prevalence of HIV infection
is a less reliable marker of the evolving epidemic. Thus, there
is a need to expand current surveillance systems to include
new adolescent populations that provide a better marker of
new HIV infections.
In South Africa, heterosexual transmission accounts for
more than 90% of new infections. HIV prevalence in ado-
lescents between 15 and 24 years in high disease burden
communities provides a reasonable proxy for incident
HIV infections, because infections are likely to be relatively
recent and HIV-related mortality is likely to be minimal.2–4
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The burden of HIV in the South African adolescent popula-
tion is unprecedentedly high, particularly in adolescent girls
aged 15–19 years who acquire HIV at least 5–7 years earlier
than their male peers and have a 3- to 4-fold higher incidence
rate.5 Given that the majority of adolescents in these settings
attend high school, high schools provide a convenient op-
portunity for expanded surveillance. Furthermore, schools
also provide important venues for intensifying HIV preven-
tion efforts and surveillance in this setting, and enable the
impact of interventions to be assessed.
Phylogenetic methods have also been applied to investi-
gate HIV transmission dynamics and are useful for identi-
fying high-risk physical environments and providing insights
into understanding HIV spread.6 With modern analytical
approaches, these important tools not only enable transmis-
sion clusters to be inferred, but also allow estimation of the
timing of HIV transmission, thereby permitting smarter tar-
geting of HIV prevention efforts.
We assessed the potential for including at-risk adolescent
populations through school-based surveillance, together with the
utility of phylogenetic mapping, as measures to enhance the
understanding of the evolving epidemic and transmission dy-
namics in a high disease burden rural district of South Africa.
Materials and Methods
Study setting and population
The study was conducted in rural Vulindlela, a subdistrict
of Umgungundlovu 150 km west of Durban in the province of
KwaZulu-Natal, which is one of four highest burden HIV
districts in South Africa. The HIV prevalence among pregnant
women attending public sector primary health care clinics in
Vulindlela in 2011 was 39.8%.1 The area is characterized by
high levels of poverty due to its limited resources and em-
ployment opportunities. The estimated population is about
150,000, of which approximately 16,000 are in high school.7
The establishment of the school-based surveillance was pre-
ceded by extensive consultative meetings with key stakehold-
ers including the Departments of Education and Health at the
provincial, district, and school level and with school principals
and educators, governing bodies, parents, and students.
Study design and procedures
Between February and May 2012, we conducted a cross-
sectional study in five randomly selected public sector high
schools within a 15 km radius of each other. Consenting
students aged 12 years and older were eligible for inclusion in
this survey. Prior to study initiation, parents and/or guardians
of students were notified and had an opportunity to determine
whether to allow or refuse their child’s participation in the
study. Students were provided with general information on
HIV and on concepts of HIV surveillance, study information,
study procedures, and the confidentiality of their participa-
tion and the data collected. Thereafter students agreeing to
participate were individually provided with details of the
study and taken through the informed consent process. A
brief reason was obtained from students not agreeing to
participate. Students consenting to study participation had
dried blood spot (DBS) samples collected by trained staff
who also administered a standardized structured question-
naire to obtain sociodemographic and select behavioral
information. Students were assured of their anonymity both
in data collection and analysis. Laboratory data were linked
to sociodemographic and behavioral data through a unique
code. Students had access to HIV counseling and testing
(HCT), sexual reproductive health services (SRH), and
medical male circumcision (MMC) services that were pro-
vided through the primary health care clinics and the CA-
PRISA Clinical Research site in the district; these services
were also available to other family members.
HIV testing was performed using the Vironostika HIV
Uni-Form II plus O Assay (Biomérieux, Netherlands) and
the Elecsys HIV Combi assay (Roche Diagnostics GmbH,
Germany). b-Human chorionic gonadotropin (bHCG) was
measured using the Quickvue one-step HCG combo (Quidel
Corporation, USA), with all positives confirmed with HCG
combo rapid test (CTK Biotech, Inc., USA).
HIV-positive DBS samples (106 samples from this study
and 14 samples collected previously7) were used for phylo-
genetic analysis. Using the Harris UNI-CORE 3.00-mm
punch, DBS spots were punched out and nucleic acid was
extracted from the samples using the QIAamp DNA Mini kit
(Qiagen, Germany) according to the manufacturer’s in-
structions, with the following modifications: a maximum of
seven, 3-mm-diameter punches was processed per tube; for
elution of nucleic acids, a minimum volume of 50 ll mo-
lecular biology grade water was added to the column and
incubated in the column for 5 min before centrifugation.
Amplicons ( – 750 bp) for sequencing were generated using
one-step reverse transcription polymerase chain reaction
(RT-PCR) and nested PCR (a section of gag p17p24 was
amplified),8,9 with the following differences8: 0.8 · reaction
mix was used (including 0.16 mM each dNTP and 0.96 mM
MgSO4) and 4–27 ll nucleic acids was used per RT-PCR
reaction. Five microliters of prenested product was inocu-
lated into nested PCR mixes. Prenested PCR primers used
were DT1 5¢ ATG GGT GCG AGA GCG TCA GTA TT 3¢
(790–812 HXB2) and DT7 5¢ CCC TGA CAT GCT GTC
ATC ATT TCT TCT 3¢ (1818–1844 HXB2) and nested PCR
primers were DT3 5¢ CAT CTA GTA TGG GCA AGC AGG
GA 3¢ (886–908 HXB2) and DT6 5¢ ATG CTG ACA GGG
CTA TAC ATT CTT AC 3¢ (1609–1634 HXB2).9 PCR
products were sequenced using a BigDye Terminator V3.1
sequencing kit (Applied Biosystems, USA) and sequencing
primers used were DT3 and DT6. Chromatograms were as-
sembled using Sequencher software (Gene Codes, USA). For
superimposed peaks in sequence chromatograms, the domi-
nant base was used; if it was not clear which was dominant,
the ambiguous code was used. Sequences were approxima-
tely 605–635 bp in length.
Ethical considerations
The protocol was approved by the Biomedical Research
Ethics Committees of the University of KwaZulu-Natal
(Reference number E179/04) and the KwaZulu-Natal De-
partments of Health and Education. The HIV sequencing
protocol was approved by the University of Cape Town
(Reference number 242/2011).
Data management and statistical analysis
Data were collected on standardized case report forms
(CRFs), faxed to a dedicated study database using DataFax
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(Clinical DataFax Systems Inc., Hamilton, Canada), and
linked to laboratory data. The select demographic, behav-
ioral, and biological data were summarized using descriptive
summary measures, expressed as means [ – standard devia-
tion ( – SD)] and/or medians [interquartile range (IQR)] for
quantitative variables and percentages for categorical vari-
ables. The 95% confidence intervals (CI) and p-values
( p < 0.05 were considered as significant) are reported for the
school adjusted HIV prevalence. Comparisons of adjusted
summaries by gender were performed using t-tests for two
independent samples. The association between HIV and de-
mographic, behavioral, and biological (pregnancy) measures
was evaluated with the multivariable logistic regression
analysis adjusted for clustering to estimate the odds ratios
[adjusted odds ratio (aOR)] and 95% CI. All analyses were
performed using SAS statistical package (version 9.3; Sta-
tistical Analysis Software, NC, USA).
Sequences were subtyped using the jumping profile hidden
Markov model (jpHMM) (http://jphmm.gobics.de/)10 and
REGA HIV Subtyping Tool (http://bioafrica.net/rega-
genotype/html/subtypinghiv.html).11,12 Multiple sequence
alignments were generated using RAMICS, a codon-based
multiple sequence alignment tool,13 and manually checked
for accuracy. Codon-sized columns containing a majority of
gaps (present in greater than 90% of sequences) were deleted
from the alignment. HIV-1 subtype C gag p17p24 sequences
(n = 135) derived from recently infected women and students
(n = 14)7,14–16 from previous studies in the Durban and Vu-
lindlela areas were used. Phylogenetic reconstruction was
performed using two maximum likelihood approaches im-
plemented in FastTree (GTR + CAT + GAMMA model)17
and RAxML (GTRGAMMA model with 100 bootstrap rep-
licates). Putative transmission clusters were characterized as
groupings with support values greater than 90% in both of the
resulting phylogenies.18
Results
A total of 3,242/3,967 students (81.7%) (range: 75–88%)
participated in the study; 365 (9.2%) refused to participate
and 361 (9.1%) were absent from school at the time of the
survey.
Demographic and behavioral characteristics
The median age of girls (15 years; IQR 14–17) and boys
(16 years; IQR 14–17) was similar ( p = 0.60). The demo-
graphic and behavioral characteristics are presented overall
and by gender in Table 1. The proportion of girls and boys
across grades 8 to 12 was similar; attrition rates were high in
both girls and boys in grades 11 and 12. Family structures
tended to be unstable, with almost a quarter (22.9%) of stu-
dents not having a mother alive, and a further 22.6% having a
biological mother alive but not living with them. Fathers were
generally absent in the students’ lives; indeed, only 58.3% of
students reported that their biological father was alive and
only 51.7% lived with their fathers.
Almost a third of the boys (33.0%) and about a fifth of the
girls (18.8%) reported ever having had sex. The median age
at sexual debut was 17 years (IQR 16–18) for girls and 16
years (IQR 15–17) for boys. Boys reported a higher median
total number of lifetime sex partners (median 2, IQR 1–4)
compared to girls (median 1, IQR 1–2). Among those who
reported ever having had sex, boys (74%) compared to girls
(32.4%) were more likely to have had a sex partner either the
same age or younger than themselves ( p < 0.001). However,
girls were more likely to have had a partner at least 1–4 years
(55.1% versus 22.6%; p < 0.0001) or 5 years or older (12.5%
versus 2.9%; p = 0.003) than themselves. Pregnancy preva-
lence was 3.3%.
HIV infection
HIV prevalence and demographic, behavioral, and bio-
logical correlates of HIV risk are reported in Table 2. Overall,
HIV prevalence was 6.8% (95% CI 3.9–9.8) in girls and 2.7%
(95% CI 1.6–3.8) in boys ( p = 0.007). There was substantial
variability in HIV prevalence between schools, by sex and
age, with an intraclass correlation (ICC) of 0.005 and a design
effect of 4.2. In boys, HIV prevalence ranged from 1.8% in
school A to 4.1% in school C. In girls, HIV prevalence was
consistently higher in all schools, ranging from 3.5% in
school E to 9.0% in school C.
In girls, HIV prevalence increased in a dose relationship
with age from 4.6% (95% CI 1.9–7.3) in 12 to 15 year olds, to
5.3% (95% CI 0.8-9.9) in 16 to 17 year olds, 8.7% (95% CI 0–
17.7) in 18 to 19 year olds, and 23.1% (95% CI 7.7–38.5) in
20 year olds or older. In contrast, in boys HIV prevalence was
relatively constant at around 2.7% (95% CI 0.6–4.9) until age
19 years, but increased dramatically to 11.1% (95% CI 2.7–
19.4) in those 20 years and older.
Phylogenetic relationship of HIV-1 sequences
Of the 120 samples sequenced (this study n = 106, n = 147),
119 were classified as subtype C and one as A1 (subtype A1
was excluded from analysis). Figure 1 shows the re-
constructed phylogenetic tree of HIV 1-subtype C groupings
obtained from students in comparison to previously charac-
terized sequences. Nine sequence clusters exclusively con-
taining sequences from students were identified, with two
samples per cluster. In four clusters (Fig. 1; clusters 1, 4, 6,
and 8), two sequences in each cluster were from the same
individual but were collected at different time points. The
remaining five clusters (Fig. 1; clusters 2, 3, 5, 7, and 9)
contained sequences from different students. Three of the five
clusters were sequences from students of the same gender
(two female only clusters) (Fig. 1; clusters 3 and 9), and one
male only cluster (Fig. 1; cluster 7) indicating a third un-
identified source of infection. In comparison to the students,
clustering was observed for only 7 of the 135 background
data sequences (four clusters, Fig. 1; green and gray clusters),
one containing a sequence from a student (Fig. 1; green
cluster), suggesting that a larger number of students in
schools clustered together when computed against the
background community data ( p = 0.02). Of the five clusters,
two sequences were from individuals from the same school
(Fig. 1; clusters 3 and 9) and three from different schools
(Fig. 1; clusters 2, 5, and 7).
Factors associated with HIV infection
The association of demographic, behavioral, and biologi-
cal factors with HIV is reported in Table 3. Compared to
boys, girls were three times more likely to be HIV positive,
aOR = 3.0, 95% CI 2.4–3.8; p < 0.0001, and those reporting
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ever having had sex, aOR = 2.8, 95% CI 1.9–4.2; p < 0.001.
Although not significant, girls having a sex partner with an
age difference at least 5 years and older were more likely to
be HIV positive. HIV prevalence was higher in those 20 years
and older (aOR = 4.2, 95% CI 1.3–2.6; p = 0.01) not having a
living biological mother (aOR = 3.6, 95% CI 2.9–4.5;
p < 0.001) and ever having had sex (aOR = 2.8, 95% CI 1.9–
4.2; p < 0.001). There was no association between pregnancy
and HIV (aOR = 0.6, 95% CI 0.1–2.2; p = 0.39). Of note, 21
(1.5%) girls who reported not ever having had sex tested
positive for bHCG. In contrast, HIV infection in boys was
higher in those without a living biological mother (aOR = 2.8,
95% CI 1.2–6.2; p = 0.01) or father (aOR = 2.0, 95% CI 1.3–
3.2; p = 0.002).
Table 1. Select Demographic and Behavioral Characteristics of High School Students
in Rural Kwazulu-Natal, South Africa
Total (N = 3242) Girls (N = 1698) Boys (N = 1543)
Characteristic Unadjusteda Adjusteda,b Unadjusteda Adjusteda,b Unadjusteda Adjusteda,b p-valuec
Demographic
Age (mean; – SD;
range)
15.8 – 2.3; 12–28 15.7 – 2.3; 12–28 16 – 2.2; 12–26
Age (median, IQR) 16 (14–17) 15 (14–17) 16 (14–17) 0.60
Age groups, % (n)
12–15 years 48.4 (1,568) 46.6 52.0 (882) 50.1 44.5 (686) 43.2 0.18
16–17 years 30.6 (991) 31.3 29.0 (492) 30.2 32.4 (499) 32.6 0.29
18–19 years 14.1 (456) 14.7 12.1 (206) 12.5 16.2 (250) 16.9 0.12
‡ 20 years 6.9 (223) 7.3 6.9 (117) 7.2 6.9 (106) 7.4 0.95
Grade distribution, % (n)
Grade 8 22.6 (732) 22.2 21.1 (359) 20.9 24.2 (373) 23.9 0.42
Grade 9 22.5 (727) 22.2 21.8 (369) 21.5 23.2 (358) 23.0 0.62
Grade 10 24.4 (791) 23.2 24.4 (413) 22.8 24.5 (378) 23.5 0.82
Grade 11 16.8 (603) 19.5 19.7 (334) 20.4 17.5 (269) 18.5 0.45
Grade 12 11.8 (383) 12.9 13.0 (220) 14.5 10.6 (163) 11.1 0.31
Family characteristics, % (n)
Biological mother
alive




77.4 (1,914) 77.2 78.1 (1,019) 77.4 76.5 (895) 76.9 0.80
Biological father
alive




51.7 (944) 51.4 48.8 (458) 48.1 54.9 (486) 54.4 0.21
Sexual behaviour, % (n)
Ever had sex 23.4 (754) 25.9 16.6 (280) 18.8 30.9 (474) 33.0 0.06
Age at first sex
(median, IQR)f









2.5; – 2.9, 0–30 1.4, – 1.2, 1–17 3.2, – 3.3, 0–30
Partner relationship, % (n)f
Younger or same
age partner
59.9 (458) 59.0 34.8 (98) 32.4 74.5 (360) 74.4 < 0.001
1–4 years older 34.1 (261) 34.7 53.5 (151) 55.1 22.8 (110) 22.6 < 0.0001
‡ 5 years older 6.0 (46) 6.3 11.7 (33) 12.5 2.7 (13) 2.9 0.003
Pregnancy
Prevalence 3.2 (52) 3.3
aMissing values excluded from percentage calculation.
bAdjusted for school clusters.
cAdjusted for schools and comparing boys to girls.
dProportion calculated for those reporting biological mother alive.
eProportion calculated for those reporting biological father alive.
fCalculated for those reporting ever had sex.






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































In this survey, we found that one out of every 20 high
school students was HIV infected, underscoring the magni-
tude of the epidemic in this rural setting. The gender disparity
in HIV prevalence among girls and boys is striking, with our
data highlighting an almost three times greater HIV risk in
adolescent girls compared to their male peers. Though similar
patterns of HIV prevalence have been reported in population-
based surveys and from a representative sample of 15–24
year olds,5 these have focused on out-of-school students. The
high HIV prevalence in these adolescents also suggests that
as yet there has been little or no impact of HIV prevention and
treatment programs on HIV acquisition rates. A major con-
cern is that HIV testing rates among adolescents remains low
and the majority of HIV-infected individuals are unaware of
their HIV status, posing a barrier to HIV prevention, care, and
treatment efforts.19 Moreover, as many of these recently in-
fected adolescents are likely to be in the acute or early phases
of HIV infection with potentially high viral loads, they also
serve as reservoirs for HIV transmission sustaining the sur-
vival of the epidemic.
Over the past 20 years antenatal1 and population-
based5,20,21 HIV surveillance has reasonably described the
evolving epidemic in South Africa. However, as individuals
benefit from increasing access to ART and the implementa-
tion of expanded options for HIV prevention, prevalence
measures from current surveillance programs over time be-
come less reliable. In adolescents, most HIV infections are
relatively recent and HIV-related mortality is relatively
low,2–4 such that HIV prevalence in this age group will be
useful to infer HIV incidence. Given that most young South
Africans attend high school, these institutions may represent
important and convenient venues for surveillance expansion
to better assess trends in HIV infection. We found that un-
dertaking such high school-based surveillance was feasible,
with a student participation rate exceeding 80%.
In our preliminary phylogenetic analyses designed to yield
clues as to where HIV transmission is occurring and/or being
sustained, our analysis identified five clusters within schools,
FIG. 1. Phylogenetic tree
showing sequences derived
from 120 students (106 from
this study and 14 samples
collected previously from
Vulindlela) and 135 back-
ground sequences (Vulindle-
la and Durban). The extant
branches of the phylogeny
are color coded according to
the school of origin (A, B, C,
D, E) of the student or as
background community se-
quence data (gray branches).
The reconstructed phylogeny
shows significant groupings
(support values > 90%) be-
tween two different students
(yellow boxes), temporally
separated sequences from the
same individual (blue boxes),
between a student and a
background sequence (green
box), and different individu-
als in the background se-
quence data (gray boxes).
The nine significant group-
ings containing sequences
from the same individual or
two different students are
numbered one through nine.











































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































which suggests that students are observed as groupings in a
highly supported putative transmission cluster when com-
pared to background data. Although HIV infection was not
associated with intraschool transmission in this rural setting,
the source of infection and the direction of HIV transmission,
although difficult to ascertain, require greater coverage and
further analysis of schools and community sequences. To
better understand HIV transmission dynamics in adolescents,
larger sample sizes with robust study designs, which include
more diverse populations, are needed to understand viral
diversity for targeting of interventions. These studies will be
critical, as any reliable data on infection dynamics from
southern African settings are limited.22 As biomedical in-
terventions are designed and rolled-out, it will be vital to
understand the proportion of HIV infections that may be at-
tributed to any major source of transmission over time. Such
understanding requires improved geographically represen-
tative surveillance with phylogenetic and epidemiological
analyses.23
We report that at least one in four students was sexually
active; sexual debut occurred at a young age of around 15
years with a mean of about two lifetime sex partners. Many
adolescents in comparably high HIV burden settings also
have a high burden of sexually transmitted infections,24
pregnancies,7,25,26 alcohol use,27 and substance use.28 Al-
though we found no association between pregnancy and HIV,
HIV prevalence was higher in pregnant girls, and our data
underscore the importance of linking HIV prevention efforts
to a broader SRH and healthy lifestyle education. Certainly,
the observed prevalence of HIV infection in those female
students < 20 years of age who engage with sex partners at
least 5 years their senior should be incorporated as a key
message within school HIV prevention programs, and in the
longer term age mixing within grades may need to be ad-
dressed within South African schools.
Previous literature has indicated that cohesive family
structures are important determinants of risk, as parents could
help instill and reinforce messages of protection from risky
behavior.29 Our data confirm that students who have lost
parents are at increased risk of HIV, and highlight that
identification of these young at-risk populations is critical as
we identify priority groups for HIV prevention interventions.
A key strength in our study is the large sample size with a
response rate of over 80%; however, there are several limi-
tations. Being a cross-sectional study, we were unable to
establish the temporality of risk behaviors and HIV infection;
we hope that future surveillance will enable such information
to be inferred. Furthermore, we report some social desir-
ability bias, with 1.5% of girls who reported never having had
sex testing positive for bHCG. Although the phylogenetic
analyses suggest that infection among students is not asso-
ciated with intraschool transmission in this rural South Af-
rican setting, larger sexual transmission network studies are
needed to better understand HIV transmission dynamics.
However, in spite of these limitations this study provides
valuable information on the burden of HIV infection and
prevalent risk behaviors, and provides evidence that the ro-
bust and adolescent-focused surveillance systems required to
measure new infections in a mature epidemic setting are
feasible.
In conclusion, the epidemiology of HIV infection in this
community is dynamic and complex. The high burden of
infection among students, the first phylogenetic study among
high school students showing limited intraschool transmis-
sion, and the absence of a living parent underscore the
importance of encouraging schools to intensify HIV sur-
veillance programs in order to monitor the epidemic, identify
transmission patterns, and provide comprehensive HIV pre-
vention packages to reduce adolescent’s vulnerability to HIV
infection.
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